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“ The Erection of Iron Bridges.” . 

By RUSSELL SCOTT SCROLEFIELT), Assoc. M. Inst. C.E. 
THE design of the  temporary work  to  be used in  the erection of 
an iron  bridge is hardly less important  than  the  design of any 
permanent  part of the  structure.  The erection  may cost as  much 
as the ironwork  itself,  and  the projected work  may  be  found  almost 
impracticable,  unless the bridge  has been designed with  due  regard 
to facility of erection  under all  the  existing conditions as to transit, 
climate,  labour and superintendence. The means  whereby the 
erection is to  be  carried  out  must  therefore  be considered along 
with  the  design of the  structure  itself,  and  as a part of such 
design.  Sometimes saving of time in  the erection of the work on 
site  will override  every other consideration. 

Generally, in  Great  Britain  and  in  other  countries of temperate 
climate, a delay of a few weeks in  the  building of a new  bridge 
may  not  be of paramount  importance ; but  in  the case of foreign 
work, and especially in  tropical  or  sub-tropical  countries, the 
question of speed in erection is frequently of the  greatest moment. 
Rivers that can  be  walked across  dry-shod  one day  are  roaring 
torrents  the  day  after, capable  perhaps of washing  away any 
structure  that  may be in  their path. Tbis  has been experienced 
frequently in  India,  where in  24 hours  a flood has  arisen  capable 
of carrying  away  both  temporary  staging  and  any girder-work 
that is being erected  upon it.  The  Euilenberg Bridge,* of which 
thecentral  cluster of piles  was washed away  in a flood, affords an 
example.  Another is  the case of the  Hamm railway-bridge near 
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Diisseldorf in Rhenish  Prussia,  where, during  the course of erection 
in 1869, one of the  timber  piers  supporting  the  bridge was brought 
down by a drifting vessel, and  with  it  the whole of the 340-foot 
span of the bridge. 

Again, it may  happen in some situations  that,  apart from the 
new  work, there  will  be no means for the conveyance of material 
from one side to  the other. In  fact, all  the  steps necessary to the 
progressive  erection of the work  should  be fully considered before- 
hand, so as  to  leave the  least possible  chance for anything to arise 
in  the  nature of the unforeseen, 

As a  general  rule i t  may be said that  all  kinds of bridges  can be 
so arranged  that  the erection  can be  completed without  staging  or 
auxiliary  girders of any  kind ; but  the  particular conditions of 
each case must  determine  whether  staging should  be employed. 

In  erecting a  bridge in a  foreign country it may not always 
be possible to  determine  the best system of erection until  the 
engineer  arrives on the spot. He may  have expected to find, 
in  the country  in  which  the  bridge is to be built,  many  things 
that are not  there. In most  semi-civilized countries wages are 
much lower than  in civilized  countries, so that  in such places a 
large  amount of labour ma.y be  secured  very  cheaply. I n  some 
countries  timber  is  abundant,  and it may be  econonlical to  make 
a free use of this  material. 

It is important  that  all  joints  that  are  to be  made on site 
in bridges to be  erected  abroad  should  be  carefully designed. 
If the  joining pieces consist of light long  bars  the  probability is 
that  they  will be damaged in  transit,  and  there may  be great. 
trouble in  replacing them. 

When  girders  are  built  with American  pin-connections the 
process of erection is much less costly and more expeditious than 
when all  the  joints  are riveted. 

Different  systems of erection  may in some cases be advantageously 
combined. For instance, i t  may  be  well  to  half  roll and half float 
a girder  into  its  place;  but when the  girder  is carried partly on 
the  water  and  partly on the  land, it will be  necessary to  have 
quieter  water  and  greater expedition than if either of these 
systems  was  adopted alone. 

In regard  to  the  selection of the best method,  Mr. T. Seyrig says 1 

that  the aims  should be-first, safety; second, cheapness;  third, 
rapidity:  and  that  while special  circumstances may change the  order 
of these  aims and  their value,  such cases are exceptional. He  adds 
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that  the best mode  of erection would result from the  happy 
combination of all  three,  including if possible a fourth, namely, 
elegance of  method. 

The following classes of bridges  and  methods of erection  may 
be considered :- 

IA. Girder  bridges  erected on scaffolding. 
IB. Y, ,, ,, by floating out. 
Ic. 9, ,, ,, ,, pushing over sideways. 
ID. 9, Y, ,, ,, lifting bodily. 
IE. 3, ,, ,, ,, protrusion of temporary  staging. 
IIA. Continuous girder  bridges  erected by rolling out. 

111. Cantilever  bridges  erected  by  building out. 
IV. Metal  arches  erected by building out. 
V. Special  methods of erection. 

IIB. 9 ,  I9  ,, ,, various means. 

IA. GIRDERS ERECTED ON STAGING. 

The first  cast-iron  bridges, being copies of earlier  stone arches, 
were  made of voussoirs, and were  erected on a scaffolding in  the 
same way  as  the stone  arches  had been built. New methods o f  
erection  were  introduced  when wrought  iron was  first employe& 
in bridge  constrnction  about the  year 1850. The engineers who. 
built  the first great  tubular  girders erected them  without  any 
staging  or scaffolding. In many cases,  however, it is both more 
economical and more expeditious to make use of staging. 

One great  advantage in  the use of staging  is  to be  found in 
the  facility  with  which  the  permanent work can be carried on after 
the  staging  is erected. The men are much less liable  to accidents, 
and the whole  work of construction  can  be more effectively 
inspected and more correctly  adjusted. There is also the  further 
advantage  that no part of the permanent  structure is overstrained 
during erection. Practically no stress is imposed on any of the 
bars  until  the whole structure is completed and  the  temporary 
staging removed, which  cannot  be the case with  any  other method 
of erection. No matter  whether  the  girders  are rolled over, 
floated out,  or  built up on site,  there is always  the  possibility that 
Some of the  parts  may he stressed  or strained  in a  manner that 
was not  intended in  the original  design;  and,  where  riveting up 
is done on site, it is never  certain  that  all  parts  are  taking  their 
proper and  intended  share of the work in  the complete structure. 

Stagings  for the erection of iron  bridges  are,  generally  speaking, 
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of two kinds; one in which  the  supports,  or trestles, are placed a t  
equal  or  convenient intervals  in  the span,  without  any  consideration 
being  given  to  the possible traffic underneath  the  bridge ; and  the 
other  in which the  supports  are plaoed in clustered groups, with 
larger  spans  or  intervals between  them, an  arrangement  which 
permits  the free passage of traffic beneath  the  structure  and also in 
some  cases the passage of drifting ice. 

The first  arrangement  has  the  advantage on the score of sim- 
plicity, for many  similar pieces  can  be  used and  there  will be a 
saving in  the labour cost. When  the  bridge consists of several 
spans, the  interference to the traffic can often be obviated  by putting 
up  the  staging  in only one span at a  time and  removing i t  before 
proceeding with  the  next  span.  Generally, however, staging 
with equally spaced supports  requires more timber  than does the 
type  with  the clustered  supports, although  the  latter necessitates 
the use of special  trusses,  or  centering, for spanning  the  larger 
openings  between the supports. 

Wood is  the material  generally used for the construction of 
these  stagings, but in some special  circumstances  iron girders 
of a  temporary  character  have been  used. Among the most 
interesting examples of the use of great  timber  stages the 
following  may  be  cited :- 

The Allgyo  Bridge, carrying a  single  line of railway  over 
the River  Theiss i n  Hungary.’ 

The  Euilenberg  Bridge over the  river  Lek  in Holland.a 
The Bommel Bridge across the WaaL3 
The Empress  Bridge over the Sutlej,  erected in 1877.4 
In  the last-named  example  each bay of the  piling was cross- 

braced under  water  with  chains  and screw-couplings. A cross 
section of the  temporary  stage  is  given in Fig. 1, Plate 7, from 
which it will  be seen that  the  staging had  four  lines of posts, 
the two  inner  lines of posts being  directly  underneath  the  girders 
and fixed 18 feet  apart between  centres, end  the  two  outer rows 
being fixed underneath  the  travelling-  crane  rails  and 36 feet  apart 
from  centre  to  centre. 

The stages in two of the spans, one in 56 feet  and  the  other 
in 43 feet  depth of water, took 3 weeks to erect. The piles in 
these cases were 65 feet  to 75 feet i n  length,  and were  protected 

I Minutes of Proceedings Inst. C.E., vol. lxiii. p. 153. 
* Ibid, vol. liv. pp. 187 and 237. 

B i d ,  vol. lxiii. p. 156. 
Ibid, vol. lxv. p. 212. 
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at  the bottom with cubical blocks, strung on the piles in much 
the  same  way  as  beads  are  strung on a string.  These  cubical 
blocks  were placed in position by means of ropes passed through 
holes placed centrally  in  the cubes. The posts of the  staging  were 
arranged, in  the  longitudinal direction, so that  they would come 
vertically  under  the camber-blocks upon  which  the  girders  were 
erected, and  at  either side of each  joint  in  the booms. By this 
means the  span  was  divided  into  nine  spans of about  16 feet, and 
ten  trestles  about 9 feet  square,  each of which  was  constructed of 
four posts. About 10,000 cubic  feet of timber  was used in each 
stage. The  stages  were  made so that  they could be removed, and 
the  removal a t  first occupied 10 days ; but  in some  of the  later 
spans  the  moving  and refixing of the  stage occupied only 7 
days,  from the completion of the  ironwork of one span to the 
beginning of the  ironwork of another. The platform on the  stage 
was  also effectively stiffened during  the  work, so as  to  meet  any 
horizontal cross stresses that  might occur. The four  horizontal 
beams  were  wedged at  their ends  against  the piers, and  the whole 
floor was converted  into a stiff  horizontal  girder, 250 feet long 
and 36 feet wide, by the use of diagonal  bracing  from end to  end, 
rails  being used for  such  bracing  (Fig. 2, Plate 7). Four  Welling- 
ton  cranes, having  a clear height of 36 feet and an equal clear 
width, worked fiom  end to end upon this  platform.  The 
width  was fixed at  36 feet in order that  a  trolley of &foot 6-inch 
gauge could pass alongside  the  girder  and  within  the legs of 
the crane. 

The  weight of one complete  span was about 600 tons, including 
the  rails  and sleepers  erected  for use as the riveter’s scaffolding. 
In  the earlier stages of the work the erection of this mass of iron- 
work, etc., occupied about 18 days, but  towards  the  end it was 
done  with one crane  alone  in  about 7 days. When  two  cranes 
were used the  corresponding  times  were 12 and 33 days. The 
riveting  up of the  ironwork was  begun  as soon as the different parts 
of the  bottom flange  were in position, and it was found that  the 
complete  riveting  up of one span occupied 10 to 12 days in  the 
early  stages of the  work,  but  towards  the end 4 to 5 days  were 
found to be sufficient. 

As this  example may  be taken  as  indicative of the  methods by 
which  many  bridges  have been erected in  India,  a  few  particulars 
with  regard to the  manner of the erection of the  permanent  structure 
may be of interest.  The  ironwork  arrived on the  ground loaded in 
wagons  and in indifferent order. Several  parts of various  spans 
usually  arrived a t  one time, and  the first thing to do was to separate 
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the  material  into its different  spans. For  this purpose, four  distinct 
platforms  were  prepared  for  unloading,  and  greased  rails  were  laid 
upon these  platforms,  which  were  made with an easy  fall from the 
wagons  arriving  with  the  materials to the wagons on which the 
several parts  were  taken away, and  upwards  to  the erection  stage. 
Different  sections of the  platforms \\-ere set  apart for the  various 
members of the girders, one part for  bottom flanges, another for 
posts, a third for  ties,  others  for cross girders,  etc. As soon as the 
various  parts  had been unloaded in  this  way  and  skidded to their 
respective places, they  were loaded into trolleys  and  upon a  shunting 
loop which  had  been  provided  for  the  purpose ; the trolleys being 
shunted  into  their  respective positions  for taking to the erection 
stage. The  time  taken for the  unloading of a train of ironwork 
was not more than G hours, and  the erection on the  stage  usually 
began  within 24 hours of the  arrival of the  completing  portions of 
the  structure.  Considerable  trouble  was  experienced  with  the 
riveting of the  girder-work. Workmen were  collected with 
difficulty, and  even  the best men did  not  show  themselves  quite 
equal  to  the  knocking down of a I-inch  rivet.  The  waste of 
rivets  was  about 50 per  cent. ; the best gangs  did  not  average 
more than  thirty  rivets  per  day,  and  the wages  paid  were  about 
double  the  amount  paid in  England.  About 35,000 rivets  had  to 
be put  in for  each  span on the site. 

The cost of freight  and  carriage to India  amounted to  about 
S6 15s. per ton;  the  staging came to about S1 12s. 6d. per ton, 
and  the  other  charges for unloading  and  completion  were  about 
S5 7s. per ton. 

The  leading  dimensions of the  four  examples of staging referred 
to on p. 216 are  given  in  the  following  Table :- 

EXAXPLES OF TIIIBEB STAGIXG. 

1 Bridge. 

Allgyo. 1 Kuilenberg. I Bommel. ~ Empress. ---- 
393 feet 1 ":,feet .. 

stage. . . . 
(c. to C.) . . . . 

.. .. 
Greatest width of 98 feet 1 16 feet 

Weight of iron s u p -  800 tons 419 tons 
Timberwork per ton of do. I .. i 372 cu. ft. 64 cu. ft. 24 cu. ft. 

.. 

.. i 81,000 cu. ft. 51,200 cu. ft. ! lO,OOO cu. ft. 

structure . . . . I 2,150.tons 

1 I 
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Reference may also  be made to  other fine examples, such  as 

The Ohio Bridge of 515 feet  span a t  Cincinnati, for which the 

The  Alexandra  Bridge over the Chenab.1 
The Ohio River  Bridge,  containing one span of 446  feet.2 
The Des Noines  steel viaduct.3 
The  last is an important  structure on the Chicago and  North 

Western  Railway,  and is a double-track  steel  viaduct 2,685 feet in  
length.  There is one 300-foot span in which the  rails  are 210 feet 
above the water-level, and  there  are twenty-one  spans of 75 feet 
each, alternating  with &-foot spans on the tops of the towers which 
form the supports. The erection occupied  from  November, 1900, 
to May, 1901. A view of the  long  span  opening  is  given in  
Fig. 3, Plate 7, which  shows the  staging  upon  which  the  girders 
were erected. Eight bogies were provided, to  run on two  rails 
13 feet  apart from centre to  centre,  and  upon  these  were placed 
two  travellers  or cranes, one on each  side of the 300-foot span. No 
staging was used for the  smaller spans, which  were erected by 
means of these  travellers. A platform  was  provided  under the 
cranes 9 feet above the  rails,  leaving room for a passage-way 
underneath,  along  which  material was run out  until i t  could be 
picked up  by  the cranes. The platform alno carried a winding- 
engine  and men  who worked the hauling-ropes. The travellers 
were 50 feet  high  and were built  up of three posts. Two booms 
were fixed to  the bottom of the frame-one horizontal and the 
other  inclined. The horizontal boom was 51 feet  long,  was 
designed to carry a load of 16 tons, and was  always in a level 
position but  had a lateral movement  of 30°, the  radius  being con- 
trolled  by  tackle connected to  the  top o f  the frame. The  inclined 
boom  was 90 feet  long, was  made to  carry  a load of 10 tons and  to 
swing  through a vertical  arc of 75", and  had a horizontal swing 
of the same  range. The sideways  movement of both booms was 
controlled  by ropes handled by men on the ground. The trolley- 
boom was used for erecting  the  girders of the smaller  spans  upon 
the towers, and also for  lowering  material from the  top of the 
viaduct  for the  building of the towers. This  material was then 
set  in place by  the 90-foot inclined boom. 

the following :- 

staging  is said to  have cost S3 10s. per  ton of ironwork. 

Many  examples  upon  a  small scale might be added. 

1 Minutes of Proceedings Inst. C.E., vol. liv. p. 71. 

a The Engineer, vol. xciv. p. 392. 
l b id ,  vol. lxiv. p. 358. 
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The  great  girder  spans of the Dufferin Bridge, 356 feet in 
width,  were  likewise  erected upon staging ; hut  here  the  permanent 
girders  intended  for the smaller  spans of the viaduct were  used 
as a temporary  staging for the erection of the  larger  spans1 

One consideration  adverse to  the use of staging for the erection 
of girders is the  heavy cost of the timberwork  per  ton of the 
superstructure. But  this  will of course depend in each case upon 
the  actual cost of timber  and of labour in  the locality ; and in  many 
situations  the  greater  safety  and convenience of erection will 
compensate  for the  high cost of the staging. 

In. GIRDERS TRANSPORTED BY FLOITIXG OUT. 
The engineers of the  Britannia  Bridge  transported each inner 

span of the continuous tubular  girder to its  destination upon floating 
pontoons,  from which  the  girder  was  then  lifted  into  position; 
and a  similar  method of transport  has often  been  adopted in  
situations  where  the  great  depth of water  or  the  nature of the 
bed would render the construction of staging excessively costly. 

A girder  bridge  can be lifted  in one  piece if  care is taken  to  lift 
i t  at the  right points ; and  as  this method of floating out enables 
the  structure  to be put  together  in a  safe  place  away from floods or 
drift,  and  at a  low height, i t  obviously possesses advantages. 

It has  been  urged that  the difficulty and  risk of accident in  the 
use of  fixed staging  is  here counterbalanced  by the  risk  attending 
the operation of floating  out,  and that  it  requires the services of 
experienced  bargemen accustomed to  the  handling of heavy craft 
on rivers,  which it is not  always  practicable to obtain.  Another 
alleged  drawback is the  large  quantity of plant,  such  as pontoons, 
tugs, etc., that is indispensable. I t  may be said, however, that, 
while in  the case  of a  few  spans  the method may  be  not so advan- 
tageous as  the use of the  ordinary  staging,  in  the case of a very 
large work, or one in  which  many heavy girders are used, the 
cost is well recouped. 

The method of water-transport  has  been made  use of in 
various ways. The  girders of the  Britannia  Bridge  had  to be 
lifted  from  the pontoons ; but  in  later work the  girder  has been 
carried a t  such an elevation as  to allow it to pass over the per- 
manent  piers of the bridge and  to  ‘be deposited  upon them. The 
ironwork is first riveted  together  upon  a  platform,  which is pre- 
pared in  some sheltered position, and is so placed that  the pontoons 

Minutes of Proceedings Inst. O.E., vol. oi. p. 21. 
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can be brought  under  the finished girder. A timber staging is 
built upon the deck of the pontoons underneath  the  girder,  and of 
sufficient height  to  carry i t   a t   the  requisite  elevation. This 
method, with some modification of details,  has been  followed in  
the following  notable  instances :- 

The Moerdyk Bridge in Holland, with fourteen 328-foot spans, 
each weighing 445 tons, was  carried upon two pontoons 115 feet 
long, 34 feet  wide and of 3  feet  draught. This bridge  was  built 
a t  a low elevation.’ 

The Syzran  Bridge over the Volga, with  thirteen  spans of 
363  feet. Each  span  weighed  about 520 tons, and  was  carried 
upon  seven  barges : the  top of the  girder  when afloat was 120 feet 
above  water. 

The  Hawkesbury  Bridge2  in New South Wales, with seven 
spans of 410 feet. Here a single pontoon was employed and  the 
ironwork of each  span wad built upon the elevated stage of the 
pontoon, which  was  scuttled  upon a gridiron a t  about  low-water 
level. The rise of the tide  was  utilized to lift pontoon and 
girders  from  the  gridiron.  The operation of raising  and lowering 
the  girder  through a  small  height is often effected by pumping 
water from, or admitting  it  into,  the pontoons. 

A similar  method  was used at   the  Niagara  Bridge;  and some of 
the  girders  at  the  Tay  Bridge  were  thus  transferred,  while  others 
were  raised to their  intended  level  by  hydraulic presses. 

At  the Niemen Bridge  the  spans  were themselves  converted 
into a sort of pontoon, the sides and  ends  being made watertight 
for the purpose. The girders, 260 feet in  length, were built on 
shore, and were  launched  out sideways. The  side pressure of the 
current  in  this case  would probably be less than  the pressure of 
the  wind on the  staging  and  side of the girder in-the case of the 
Byzran Bridge. 

Pontoons  have sometimes been used in quite a different way for 
supporting  the  leading  end of a  girder  during its transit across 
the opening. The Hooghly  Bridge  on the  East  Indian  Railway 
furnishes a notable  example of this method. The side  spans, 
420 feet in  length, were built  upon  the road-bed at  the  rear of 
each abutment,  and  carried upon four-wheeled trolleys. When  the 
girders had been pushed  forward  about 75 feet, the weight of the 
leading end  was taken  by  the pontoon, and  the  span was  hauled 
across by capstans  worked  by steam-engines. 

1 Minutes of Proceedings Inst. C.E., vol. X~V. p 279, and vol. lxiii. p. 162. 
2 Ibicl, vol. ci. p. 9. * Ibid, vol. xcii. p. 73. 
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The practice of converting  girders  into pontoons by boarding 
up the sides might possibly  be unsafe ; for a  single  weak  joint i n  
the temporary  planking  might cause the whole of the  girder- 
work to  sink.  But  the use of independent  pontoons  for  floating 
out  is  perhaps  the cheapest way of erecting  the  girders of bridges. 
To make  special plant for transporting only a few  spans  may 
involve  disproportionate  expense ; but if there is no great  weight 
in  the girders, ordinary  craft, such as  lighters or barges, can 
generally be used for the work. 

Ic. GIRDERS ERECTED BY PUSHING OVER SIDEWAYS. 

This  plan is specially  applicable to  the  renewal of girders 
upon  existing bridges,  where the traffic has  to be  maintained 
without a  break,  or  cannot  be  interrupted  for more than an hour 
or two a t  a time. In  such cases the old structure is taken off the 
piers in much the same  manner that  the new  structure is put on- 
that is, by a sideways movement. 

The method has been used very often,  both in this country  and 
on the  Continent, for the  renewal of railway-bridges of both 
small and fairly  large  spans;  but i t  is questionable whether  such 
an expensive  method  was in  every case justifiable. The Author 
is  aware of an instance in which only one out of three main girders 
showed any signs of weakness, or  was considered to be deficient in 
strength. In any such case,  however, whether  the cross girders 
are weak  or  not, all  must be removed and  replaced ; and i t  may 
be questioned whether it would not be more  economical to  adopt 
some other  system of strengthening. 

If  the centre  girder  carries  two  lines of railway, one on each 
side, possibly  one of the lines could be blocked while  an  additional 
centre  girder  was placed on the bridge. I n  other cases girders 
may  be  propped while  plates  are  added;  and by working in  
8-hour  shifts,  a  continuous 24 hours’ work  may  be done in  one 
day, say on Sunday,  when  the traffic is   at  a minimum. 

The cost of the temporary  staging  in  the system of side- 
ways  renewal is relatively  extremely heavy. Not  only  must the 
staging  be  strong enough to  carry  the m i g h t  of the new struc- 
ture on one side, and of the old structure on the  other side, but 
it must also be stiff  enough to  withstand  the  rolling over and  the 
stresses due to the hauling-operations. 
In busy  districts,  say for the renewal of a railway-bridge  over 

a city thoroughfare, the  staging causes a  considerable  amount of 
obstruction  to  the  street traffic ; and if the  bridge  under  renewal 
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crosses a river  or a  canal, the supports of the  staging  in  the  water 
or along the banks  will be costly, and  perhaps dangerous. 

The advantages  are the  very  slight  hindrance  to  the traffic over 
the bridge, and  the probable immunity from delay in  any  part of 
the operations. Of course, every  step  must  be  thoroughly con- 
sidered beforehand. All tackle,  winches,  trolleys,  chains, and 
ropes  must  be  tested ; the  staging  must be  well  tied  together ; and 
every man engaged must  have  his  allotted  station  and  task : and 
although i t  is impossible to  have an  actual rehearsal of the 
operation,  yet  all  that is possible in that way  must  be done. 

One  or  two  examples  may  be  referred  to :- 
At the  Hernad Bridge,  which  consists of two spans, each 

82 feet in  length,  and carries the Oderberg and Kaschau  Railway 
over the  river  Hernad, a platform  was  erected  alongside the 
existing  bridge,  and upon this  platform  the  new  bridge was 
built  at  the proper  permanent  level,  and  about 20 feet  from the 
position i t  would finally occupy. The trestle-work  was  continued 
under  the old bridge.  Immediately  after  the  last train  had passed 
over  this  bridge,  eight four-wheeled  trolleys  were run  in under 
the old beams and on the  top of the trestles, and  the  struc- 
ture was  raised by means of screw-jacks and placed upon the 
trolleys. Four windlasses, with  four men a t  each, now  pulled 
the old  bridge  to  one side, which  did  not  take more than 5 
minutes, although  the operations of lifting  the  bridge  and  placing 
it upon the trolleys  had occupied about 1 hour. Several  stones  had 
now to  be fixed for  the  bearing of the  new girders,  which  likewise 
occupied about 1 hour; and the  eight  trolleys  were also moved 
from underneath  the old structure,  drawn across the trestle-work 
underneath  the bridge, and  then placed to carry  the  new bridge. 
The windlasses  were next  applied  to  the  latter,  which  was 
moved into  its  permanent position in about G minutes. The 
new  girder-work  was then  lifted off the trolleys  by means of 
screw-jacks, and lowered on to  the  permanent bed-stones. The 
testing of the  new  bridge  was  then  immediately proceeded with, 
and  the renewal  was completed within  about 4 hours from the 
blocking of the line. The whole weight of the  new  structure 
was  about 90 tons. 

The Lomna  Bridge, of about 70 tons  weight  and 102 feet  span, 
took l 1  hours to renew.  This, however, was due to the  timber- 
work of the old bridge  being in  a very bad  condition. 

The  Prater Bridge on the  Austrian  State  Railway  near 
Vienna, was  renewed in  1880. The  new bridge,  which  was for 
two  lines of rails,  weighed about 350 tons, and was of 200 feet 
span. It was  built  at  the  proper level, but about 18 feet  from 
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its final position. The  girders were of the  bowstring type. The 
new  bridge  was carried,  not on trolleys-which is the usual  practice 
with  this  type of renewal-but upon  a  set of live rollers, con- 
sisting of a number of cannon-balls arranged to run  in a trough 
formed by  an H iron  underneath,  while an  inverted  channel  iron 
travelled on the  top of them. The  lateral movement of 18 feet 
was effected by  tackle worked by  four  men a t  each of three wind- 
lasses, which  were fixed on the moving  bridge  itself. It was 
performed in  20 minutes,  and 25 minutes were occupied in  the 
lowering of the  new  structure on to  its bearings. 

The Tornocz Bridge is a  single-line  bridge  carrying  the  railway 
over the  river  Waag  at Tornocz. The old  timber  structure  was  re- 
placed by an iron  bridge  which  weighed 65 tons, and  the whole  was 
moved 18 feet, from the  temporary  platform on to  its  permanent 
bed, by four windlasses,  each worked by  two men, in  11 minutes. 
The ball-bearings  first used in  the  Prater Bridge  were used here 
also with success. 

The Delaware  Bridge a t  Trenton, New Jersey,  has a total  length 
of about 1,000 feet,  and  consists of five spans,  each  being  a through 
structure of three trusses. On the  up-stream  side of the  centre 
girder  the  bridge was  for highway-traffic, and on the down-stream 
side  a  double-track  railway  was  carried. The piers and  abut- 
ments  were extended on the down-stream  or  railway  side  by  means 
of temporary  framing,  and on these  temporary  extensions the  new 
centre  girder  and the  new  southern  girder were erected. When 
this portion  was complete, rails were laid across it,  and  the  railway- 
traffic was diverted from the old lines  to  the new tracks. The 
highway-traffic  was next  diverted  to  an  adjoining bridge. The 
old  southern  girder  was then removed, together with  the old floor 
and railway,  and  the  new  structure,  consisting of centre  girder 
and new  southern  girder, with new floor and  rails complete, was 
shed  across a  distance of 18 feet  into  its  permanent position. 
Rollers  and  hydraulic  jacks  were used in  this operation. 
The  new  northern  girder  was  next erected by means of the 
new  centre  girder,  but close to  the latter.  When  this  was 
finished, it also  was  pushed  over into  its  final position, and  the 
floor was  then added, and  the  renewal completed. 

ID. GIRDERS ERECTED BY LIFTING BODILY. 

Many important  bridges  built  within  recent  years  have been 
erected by  this simple  method. It saves much  trouble  and 
anxiety,  and  when  put  together  the  girder is generally  strong 
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enough to  be  handled by  the  usual  lifting  appliances : neverthe- 
less, great  care  must  be  taken  in choosing the  points for their 
attachment  to  the  girder. 

A girder  can  rarely be lifted for this  purpose  by  its  proper bear- 
ings, the  lifting-chains  having  generally to  be attached somewhat 
nearer  to  the  centre of the span. I n  this case of course pressure 
is  applied a t  points  where  the  girder  has no special provision for 
resisting it, and  there  will be a  danger  that somo parts of the 
girder  may be subjected t o  stresses for which  they were not 
designed. If a  girder  is  lifted in the  middle of its  length,  the  two 
ends  form  cantilevers, and in  every member the stress is  then  in 
the opposite direction  to that for which it is designed. 

Many girders  are carried in one length on railway-trucks, and 
may be seriously strained  during  the  operations of lifting  them on 
and off the wagons, even  if  they  are  not  damaged  by  being loaded 
on the wagons on their sides  instead of upright.  Further, i f  
loaded on two or more vehicles, such  a  girder  will  have  to 
travel  around curves,  when the vehicles will follow the curve, 
while  the  girder  will not. This  may cause local  damage at  the 
points of support, or the  girder may  be bent  many  times  during 
a  railway-journey of any  length.  The  shaking of the vehicles 
endways  during  shunting or braking  operations  may also injure 
the girders. 

Much trouble  is saved, however, by  riveting up the girders in 
one piece at  the steelworks  where  they are made;  and it is  practi- 
cally certain  that  the  riveting of the  joints will be  much  better 
done in the works  yard,  where  hydraulio  or  pneumatic  appliances 
are  at hand,  than it would be on site, even if  a good staging were 
provided  for  the use of the  riveters and machine  riveting  were 
employed. 

The appliances  designed  for  the  lifting of girders  have been of 
various  kinds,  and  have  been used in different ways. In some 
very  large  bridges  the  iron  superstructure of each span  has been 
brought  to  the base of the piers, or built there, and has been 
raised  bodily  to the requisite  height. Thus  the  tubes of the 
Britannia  Bridge, 470 feet in  length  and  weighing 1,587 tons, 
were lifted 100 feet above the  water  by  powerful  hydraulic presses 
applied a t  each  end of the  span. In  the  same way  each of the 
455-foot spans of the  Saltash  Bridge was lifted  bodily  to  a  similar 
height,  while  the  girders of the  Crumlin  Viaduct, in spans of 150 
feet,  were  raised through  a  height of 200 feet  by means of ordinary 
crabs  and pulley-blocks. The cost of erection in  this  last  example 
is said to  have been 30s. per ton, exclusive of the cost of special 
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tackle. The  girders for  a  temporary  footway on each  side of 
London Bridge  were  lifted  into position  from the deck of a 
pontoon by winches  carried  upon the deck. 

In  other cases the completed girder  has been brought  to  the  site 
by railway at   the top, and  then picked up  and  carried  forward  by 
travelling cranes. I n  this  way  the  girders for the renewal of the 
Meldon Viaduct  were  carried  over the  rails of the old structure  by 
two  travelling  cranes  and deposited  upon their supports. A some- 
what  similar method  was followed in  the renewal of the  St. Pinnock 

Travelling cranes of very  large dimensions  were used for the 
renewal of the land-spans of the railway-bridge a t  Mayence (Figs. 4, 
Plate 7). Here,  each of the old 115-foot  flood-spans was replaced 
in 2 hours  by a  new  span  weighing  nearly 80 tons. The  bridge 
was  originally constructed  for a single  line in 1862, and was 
widened for an additional  line in  1871. The  large river-spans 
were  strengthened in  1901, and  the following  description  refers to  
thirty flood-openings situated at   the end of the river-spans. 

The first scheme was  to  build  upon  a scaffolding outside the 
bridge  a  new  span A for  each  opening, and  when  this  was ready it 
was  intended to move the  span  B,  built  in 1871, into  the place C 
of the old span dating from 1862, for whose reception in position D 
another  staging outside the bridge  would  have been erected. 
This scheme,  however, was  not  carried  out, as it was  found  im- 
practicable  to  execute the necessary  alteration of the stonework 
during  the  short pauses of the traffic. It was then determined to 
close one line  entirely,  and  to work the whole of the traffic upon 
the other,  and  this  was done  for the  time of the reconstruction, 
9 weeks  being  allowed  for the removal of the  thirty openings. 
Two  huge cranes  were  constructed, each of 40 tons lifting-power 
and 60 feet  spread, and made to  straddle across both of the lines. 
The  rails  supporting  the  cranes  at  the ground-level  were  laid upon 
a staging of piles driven  into  the ground. The  railway  lines 
being a t  a height of 40 feet  from the ground, the cranes  had  to be' 
of considerable height. The smaller spans were  handled by one 
crane only;  but for the spans of  117 feet, weighing 76 tons each, 
the cranes were worked in  combination. The old spans  were 
lifted bodily,  both girders a t  a  time, from their  bearings on to 
railway  trucks,  and the new  spans, also complete,  were lifted 
from other  railway  trucks  and placed on their new  bearings. 
The  total  weight of the old structure was 600 tons, and of the 
new  structure 1,100 tons. The work of recopstruction  was com- 
m e n d  on the 22nd May, and completed on the  19th  July, 1902. 

Viaduct. 
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IE. GIRDERS ERECTED BY PROTRUSION OF A MOVABLE TEMPORARY STAGE. 
It is  perhaps  only in  the erection of a  few  very  high bridges, 

or  where  there is unusual  danger from  floods and  drifting objects, 
that  this method will be of advantage.  Generally,  where  girders 
are  protruded over the tops of piers, they form a part of the per- 
manent  structure,  and  will  probably be  continuous in  their design. 
It seems almost  evident that it will  not  be economical to build 
a  temporary  rolling  girder  merely in  order to  erect  a  permanent 
one. It might, however, under some  circumstances, be an advan- 
tage  where there  were  many  spans  to be  erected of a  similar  length 
of opening. The temporary  rolling  girder  might also be useful 
as a  crane  for  handling  materials  for  building  very tall piers. 

Perhaps  the most notable  example is the Regoa  Bridge in. 
Portugal,  crossing  the  River  Douro in one  span of 263 feet, and 
four  spans of 162  feet. The  height  to  the  nnderside of the  girders 
was 84 feet  from  low water;  and as the  river is liable  to  sudden 
floods; rising  to a height of 72 feet, it was  not considered advisable 
to build a scaffolding  from the bed of the river. A rolling  stage, 
about 322 feet in  length  and 13 feet  deep,  was  therefore  constructed, 
on the  principle of the Howe  truss, to  carry  the  material  during 
the erection. The  stage  was  strengthened  by a high  trestle in  the 
middle of the  length,  with  inclined rods supporting  the ends. The 
two  trusses of the  temporary  stage were placed a t  such  a  distance 
apart  that  the permanent  structure could  be erected  upon  transverse 
frames  between  them. The  rolling  girder was first pushed  forward 
over  two of the smaller  openings, and served as a stage  for  the erec- 
tion of the first span. It was  afterwards moved forward  by  winches 
placed upon the  piers;  but  the  altering stresses tried  the  joints of 
the frame, and timber  trestles  were  erected  to  support it. Two 
such  trestles  were  built  under i t  when the  larger  span of 263 feet 
was reached. 

The safe working-stress  for  temporary  girders is probably an 
undetermined  question. A higher  stress  is  often allowed than 
would be  adopted for permanent  work ; but  the temporary girder 
is subjected to shocks and  to  heavy wind-stresses, while on the 
other  hand,  the  material  and  workmanship  may be less carefully 
looked after  than  they would  be in  the permanent work. 

IIA. CONTINUOUS GIRDERS ERECTED BY ROLLISG OUT. 
The use of the continuous girder  has  given  rise to its own  ad- 

vantageous  manner of erection, that is, the protrusion  or  rolling 
out of the  girders over the tops of the  piers from  each end  or 

Q 2  
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abutment of the bridge.  From the following  examples i t  will  be 
seen how cheaply and economically this method of erection  can be 
carried out. I n  fact, in some of the instances  mentioned, so low a 
figure as 28.6d. or 38. per  ton  was given  as  the cost of,  the opera- 
tions. Some amount of special plant is required for the work ; 
but, i f  the bridge is of any magnitude, the cost of this is quickly 
paid for, and, of course, the expense of staging is almost wholly 
avoided. 

There  are  many  advantages  in  the  plan of rolling over the 
girders. Thus,  the  main work of constructing  the  girders can  be 
carried on in perfect  safety,  and with every convenience, in a 
sheltered  position on the bank,  and  this  with  greater economy. 
The  actual operation of pushing over the girders is not attended 
with  any  great  expense;  the  plant  can be used over and  over 
again;  and  there is no limit to the  height a t  which  the work 
can  be done. The restrictions  are that  the  girder  must be of the 
continuous class and of two or  more spans, and  the  top  and bottom 
booms must  be  strong enough  to  resist  bending  when the girder 
is supported at   any point  along its  length; while  the  lattice 
sides must also have the  strength necessary to  resist  buckling, 
thoughout  the  length of the  girder. 

One disadvantage is that  the stresses in  the  metal of the booms 
change very  rapidly  while the rolling  is  going on, and  the 
joints of t.he lattice  bars  are  liable to be  damaged  from this cause. 
The utmost  care  must  therefore  be  taken to ensure that no part of 
the  permanent  structure  shall  be  injured  by  the  strain.  In order  to 
prevent  such  injury, some amount of strengthening will  often  be 
necessary, either  by  additional  metal or bars, or by some temporary 
stiffening  arrangement. A very  usual method of stiffening  or 
strengthening  the  girder  temporarily  during  its passage  over the 
rollers, is  to erect  a trestle on the top of the  girder, a t  some distance 
back from the  projecting  end,  and  to  carry  a  tie from the  top of 
the  trestle to the  leading end, and  another to the  rear portion. I t  
is questionable, however, whether  this is either so safe or so satis- 
factory an expedient  as would  be the  placing of a little  additional 
metal in  the flanges  or in  the  lattice webs of the girder. I n  order to 
relieve the severest  stress  upon the  advancing  girder, a  temporary 
projecting  arm of lighter construction than  the  permanent  girder 
has often been added at  the  leading  end, as, for example, a t  
Stadlau  and at the  Tardes Viaduct. 

A source  of danger is that under  certain  conditions  the  weight 
is unduly concentrated upon a  small  number of bearing-points, and 
perhaps  especially upon the  front  pair of rollers. In  order to remedy 
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this defect  a  combination of rollers  is sometimes  made, and  groups 
of two  or  four can be  mounted  upon  a rocking  bar  or beam, thus 
ensuring,  by the  slight  adjusting movement  of the bar, an equal 
distribution of the load over all  the rollers  mounted upon it. Such 
balancing beams appear  to  have been  used at  the Da6 Viaduct and 
also at  the viaduct across the Tardes  Valley. For  drawings of 
the  rollers used a t  t,he  Tardes  Viaduct  (Figs. 5 ,  Plate 7)  the 
Author is indebted to Mr. G. Eiffel. 

The rollers  have generally been  made of cast  iron,  and of a 
length  equal  to  the  width of the boom  of the  girder;  but  in some 
cases they  have  with  advantage been  made shorter, and used 
only  immediately  underneath the web  or centre of the flange of 
the  girder. In  rolling over  girders it is found that  there is a con- 
siderable  stress caused in  the pier, tending to overturn it sideways. 
This can  be  prevented entirely by carrying a tie back from the pier 
inquestion  and  attaching it  to  the windlass  or crabthat  is  producing 
the motion of the girder. 

Appliances of various kinds  have been  used for launching  the 
girders  forward. They  have sometimes been  hauled over the 
rollers  by  crabs  or windlasses fixed to  the  abutment,  as  in  the 
Fribourg  Bridge ; while  in  other cases the rollers  themselves  have 
been  made to rotate  by means of levers  and  ratchet  gearing. 
Among many continuous girders  that  have been rolled into position 
without  staging,  the following  may  be  mentioned :- 

The  Fribourg  Bridge,l  in  spans of 160 feet : here  the  projecting 
girder  was used as a  crane  for  lowering  the  ironwork of the piers 
by which it was  ultimately to  be  supported. 

The Stadlau  Bridge1 a t  Vienna, in five equal  spans of 232 feet,, 
the  total  weight  being 2,100 tons. The cost of erection is said to 
have been 1s. 8d. to 2s. 6d. per  ton. 

The Da6 Viaduct2 in  Portugal,  consisting of a central  opening of 
246 feet, with two  equal side  spans of 184 feet 6 inches. 

The viaduct across the Tardes valley3 near  Evaux,  having  a 
central  span of 328 feet and two  side  spans of 228 feet. 

Wherever  the method  is used there  is some liability to injury, 
and  in  several cases the  girders  have received  some injury  in 
the process. 

Continuous-girder  bridges  can  be  made  much lighter  than single- 
span  girder  bridges,  and the additional  metal necessary for carry- 

* Minutes of Proceedings Inst. C.E., vol. lxiii. p. 166. 
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Ibid., vol. lxxviii. p. 446,  and vol. Ixxx. p. 366. 
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ing  them over in  safety  will probably  not  equal the difference 
between the  weight of continuous  spans and  single spans. 
Generally it may be said that rolling over certainly  requires more 
minute calculations, and more care, than erection upon staging. 

IIB. CONTINUOUS GIRDERS ERECTED BY VARIOUS MEANS. 

It is perhaps  unusual  to  erect  continuous  girders upon a 
complete timber  staging, but  examples of this plan are afforded 
by  the Znaim and Bordeaux  bridges. 

The  superstructure of the Znaim  Viaduct1 is 722 feet in  length, 
and  contains  about 560 tons of iron. The cost of the  staging 
amounted to  about 52,000,  or S3 12s. per ton. For  the Bordeaux 
Bridge2 the cost is  said to have  been  about S3 45. per ton of iron- 
work. 

Other  and  quite different  methods hare been  used in  the following 
examples :- 

The side-spans of the  Irwell  Viaduct of three  spans on the 
Manchester Ship Canal  were  erected  upon  staging, and prolonged 
by corbelling  out  until  they  met at   the centre. 

The approaches to the  Forth Bridge (130 feet in height)  include 
fifteen  spans of 168 feet, crossed by  girders  which  are continuous 
over  two openings. The girders  were  built a t  a  convenient  level, 
and were then raised by hydraulic rams, while  the  building of the 
piers  was  carried on simultaneously. 

The  separate  spans of the  Britannia  Bridge were  raised in a 
similar manner;  and  afterwards united over the piers. 

The first  erection of a  continuous girder  may  have  an  important 
effect upon the  later stresses in  the permanent  bridge;  tho 
Britannia  Bridge is an instance of this. The  joints over the  inter- 
mediate  piers  were made on site, but  in order to make the con- 
tinuity effective, the  distant ends of one of the  lengths being 
riveted  was  raised  to  a  certain  height in order that  the required 
initial  stress should  be developed over the pier  when  the  end SO 

raised  was lowered to its final bed. As there was no staging  in 
the  inner  spans  the  tubular  girder  in  that  span  was deflected by 
its own  weight. In cases of erection on staging  there is, of course, 
no deflection due  to dead load until  the packings on the  staging 
are removed. 

The erect,ion of a  continuous girder  with  end bearings on rock, 
and intermediate  supports on tall  iron trestles, is a still more  com- 
plicated problem if it is required  to  give  due effect to the  continuity 

.___ 
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of the girder. The vertical movement of the top of the pier  due 
to  temperature  variations  will  almost  certainly  nullify  the calcula- 
tions made, i f  they  are based on the assumption of an  unchanging 
temperature. This point  has  been noted and  provided  against in  
certain  bridges  by  transforming  the  girders  into  cantilevers, in 
which cam there can be no ambiguity in  the stresses  and  strains. 

A l l  these  questions  require  therefore  to be fully considered and 
dealt  with  when  a  continuous  girder  is erected,  whatever  may  be 
the means of erection employed. 

111. CANTILEVER BHIDGES ERECTED BY BUILDING OUT. 

Some of the  largest  bridges  in  the world have been built  by 
this method of erection on site. Costly scaffolding, which  would 
probably  interfere  with  the  navigation of rivers  underneath 
bridges, is  not  necessary;  and,  as  Sir  Benjamin  Baker  has said 
in  connection  with  the  Forth  Bridge,  the workmen  employed 
appear to  lose all sense of the  height  at  which  they  are  working ; 
so that  there  is  little fear of the work  being scamped on account of 
their  timidity,  Probably  the work will  require  to be  more care- 
fully  set  out  and  put  together  than in  the case of the st.aged 
bridge,  since it is necessary that  an  exact  meeting  shall  take pIace 
when  the work comes together at  the centre of the span, or 
wherever  the connection is  arranged  to be  made. But it has been 
proved that it is by no means impossible to arrange  this  accurate 
meeting,  if sufficient precautions  be  taken  to  hold  back  and in  
position the different  members of the structure. Much assistance 
may  be  gained  by  a  careful  study of examples already  carried  out, 
in which all contingencies of temperature,  wind  and  climate  have 
been provided for. 

One of the earliest  examples is  the  Eentucky  Bridge,  which 
was  first placed in position  as a continuous  girder of three  equal 
spans of 375 feet, and was then  converted  into  a cantilever  bridge. 
The  history of this bridge, and  the  changes  that  were made in  
its construction, are  matters  which  have  already been discussed' 
in  this  Institution.  The cost of erection is said  to  have been 
5 2  108. per ton. 

The  greatest of all examples is the  Forth  Bridge, whose  con- 
struction  has been described in Engineering2 and in Papers by Sir 
Benjamin Baker.3 

' Minutes of Proceedings Inst. C.E., vol. liv. p. 182. 
Ibid., vol. xlix. p. 213. 
See ale0 Minutes of Proceedings Inst. C.E., vol. cxxi. p. 309. 
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IV. METAL ARCHES ERECTED BY BUILDING OUT. 
Many fine iron  or  steel  arched  bridges  have  recently been 

erected by building  out from  each  abutment. It has been a  novel 
experience within  the  last few  years to  witness the  growth of these 
vast structures  without  the  aid of the  temporary  staging formerly 
used in  the  building of such bridges. The arched ribs have been 
supported,  during  the process of corbelling  out, by converting  them 
into  temporary cantilevers. This has  sometimes been done by 
making use of an upper  horizontal member as a temporary  tie, 
as  in  the El Cinca  Bridge in Spain,  and  again in  the Rio  Grande 
Bridge  upon the Pacific Railway of Costa  Xica. In  other cases 
the arched rib has  been tied back by  temporary  wire cables, 
carried  over  trestles  and  anchored in the  rear,  as at   the Douro 
Viaduct  and  the  arches of the St. Louis  Bridge. 

The El Cinca  Bridge1  has a span of 230 feet, and  the cost of  
erection  was  about S2,000, or S8 17s. per ton. At Rio Grande the 
braced arch  has a span of 448 feet with two  cantilever  side  spans, 
the whole structure  having  a  length of G85 feet. The cantilevers 
having been built upon staging,  and anchorod  down, the  arch was 
constructed by corbelling  out  from  each  pier,  and  the  top  horizon- 
tal chord  was  made to  act  as a tie  during  the progress of the 
work. The  general form of the  structure is shown in  Figs. 6, 
Plate 7. The material for one-half of the  structure was sent across 
the ri-ver  by means of an  aerial cable-way. 

The Douro arch2  has a span of 525 feet  and  a  height of 200 feet. 
The St. Louis  Bridge3 consists of a central  arch of 520 feet  span, 
with two  side-arches of 502 feet each. Along with  the wire  cable 
system of temporary  support, a wire-rope  method of transport is 
often  used for carrying  out  the  materials of construction. 

In every case the  setting  out  and  making of the different pieces 
must of course be very  carefully  performed,  and it is essential, 
in order to  ensure  the  perfect  fitting of the different parts on 
erection, that  the  initial measurements  made for the work, and 
also the dimensions of the constructed  parts,  should be absolutely 
correct, so that a perfect  meeting in  the centre  shall be accom- 
plished. The example of the  St.  Louis  Bridge  may  serve  to 
illustrate this. In the  side  spans it was  found that a difference 
of level of 1 foot occurred  when the  two  halves of the arched rib 
met in  the centre, even  although  great care  had  been taken at the 

Minutes of Proceedings Inst. C.E., vol.  Ixiii. p. 174. 
Ibid., vol. Iriii. p. 177. 
fibid., vol. lxiii. p. 175. 
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beginning of the work to fix accurately  the  position of the ribs. 
An unsuccessful attempt  was made to  bring  the ends together  by 
causing  alterations in  the temperature of the ironwork,  for  which 
purpose the ribs,  which  were tubular  in section, were  even covered 
entirely  with ice. This  expedient  failing  to secure  a  satisfactory 
junction,  special  meeting pieces had  to  be made. I t  is interesting 
to notice that  in one of the side  spans of this bridge,  much 
assistance  was given  to  the  meeting of the two  halves by a cold 
north  wind  that  opportunely  sprang  up and modified the 
temperature of the  structure. 

V. OTHER MODES OF ERECTION. 
There still remain some special  methods of erection  which 

cannot  be classed under the heads  already  dealt  with. 
In  the erection of arched ribs  the expedient  may  be  adopted of 

pushing forward  a  temporary stage  or  girder, from which the 
permanent  bridge  may be erected. By  this means the  advantages 
of the method of protrusion are secured, and  the expense of a  costly 
staging is avoided. 

The same expedient  may also be  adopted for the erection of 
single  spans or discontinuous  girders, although  in  the case of the 
continuous  girder, the  permanent  structure  itself  will  probably he 
used with  greater  advantage for its own means of support. The 
method of erection with  the  aid of flexible  chains and a suspended 
platform is so convenient that  many of the largest  spans in  the 
world  have  been  erected by  this system. 

The  East  Eiver  Bridge of 1,600 feet  span, with its heavy  steel 
cables and deep  stiffening-girders and platform  was  erected by  this 
method, and the  existing  railway  bridge  at  Niagara was built in  
the same way. If a wire of any  strength can  be slung across a 
site of this kind, then from this  wire it is possible, by  gradually 
increasing  the  strength of the cable, to  erect any  kind of stiff and 
strong suspension  bridge, and  the heaviest  stiffening-girders can 
be, and  have been, erected by these means. 

As a  general  rule, a suspended platform is much more  economical 
than one built  up by means of staging from below, and  in  many 
situations  where  the  height is very  great it would not  be  practicable 
to  erect the  latter  kind of staging. 

The  Paper is accompanied by thirty-five  sketches, and by  four 
drawings  and one tracing,  from  which  Plate 7 has been  prepared. 
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